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ABSTRACT
Objectives: The primary aim of this study is to investigate the effect of the use of a 
patellar strap on knee joint proprioception in both healthy participants and in 
patients with patellar tendinopathy (PT). Secondary aims are to examine whether 
there is a difference in effectiveness of the use of a patellar strap between 
 participants with low and high proprioceptive acuity and if possible predictors of 
effectiveness can be determined.
Design: Cross over 
Methods: The threshold to detect passive motion with and without a patellar strap 
was assessed in 22 healthy participants and 21 unilateral PT patients.  
Results: The results from the mixed model analysis show that in both groups of 
participants a small but statistical significant improvement in proprioception was 
found, primarily in those who had low proprioceptive acuity. A notable finding was 
that in the symptomatic leg of the PT group no improvement in proprioception by 
wearing a strap could be determined. Male gender and having fewer symptoms 
were possible predictors of effectiveness in PT patients. 
Conclusions: As proprioception plays a role in optimising movements and reducing 
load to joint-related structures like tendons and ligaments, it is considered an 
important protection mechanism. Despite that the improvements in 
proprioception as a result of wearing the strap are small, it might be that the use of 
a patellar strap can potentially play a role in injury prevention since poor 
proprioception can be a risk factor for (re)-injury.
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INTRODUCTION
Proprioception – defined by Lönn as ‘the perception of movement and position of 
body segments in relation to each other without the aid of vision’1 – is thought to 
play an important role in optimising movement by controlling muscular actions and 
to protect from excessive strain.2 Proprioception even seems to be a more 
important protective mechanism than pain because proprioceptive signals, 
initiated by mechanoreceptors, travel faster.3 As a result, deficits in proprioception 
may lead to a higher risk of developing injuries, acute as well as chronic. 
Improvement in proprioception may result in reduced injury occurrence, as was 
found in several studies,4-6 and is therefore considered to be very important in 
primary and secondary injury  prevention. 
In several studies the potentially positive effect of different orthoses on 
proprioception was demonstrated, e.g. tapes,7 8 braces 9-11 and elastic sleeves.12 13 
Callaghan and colleagues (2008) showed, for instance, that the use of patellar 
taping in patients with patellofemoral pain syndrome is effective in improving 
proprioception. They did find however that the effect occurred solely in patients 
who originally had poor proprioception and not in patients with good 
proprioception beforehand. Similar results were observed in healthy participants: a 
positive effect of wearing an elastic bandage was found, and the largest 
improvements were observed in those persons who originally had poor 
proprioception.13 
The use of patellar straps during sports is common among athletes with 
patellar tendinopathy who are trying to remain active in sports despite the pain. To 
our knowledge, no study has yet investigated the effect of a patellar strap on knee 
joint proprioception. If wearing a patellar strap enhances proprioception, it could 
potentially play a role in prevention and management of patellar tendinopathy. 
This study aims to investigate the effect of the use of a patellar strap on knee joint 
proprioception in both healthy participants and patients with PT. Secondary aims 
are to examine whether there is a difference in effectiveness of the use of a 
patellar strap between participants with high and low proprioceptive acuity and if 
possible predictors of effectiveness can be determined.
METHODS
In a cross over study, proprioception of the knee was assessed during one 
measurement session. Two groups of subjects, all between ages 18 and 50, were 
included in this study: a group of healthy participants and a group of patients with PT. 
The healthy participants had to be free of current or previous symptoms of knee pain 
in the patellar tendon or its insertion, and had to have a VISA-P score higher than 80. 
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For the PT group, participants had to be diagnosed with patellar tendinopathy 
(one-sided) by a physician or physical therapist, have palpation tenderness of the 
patellar tendon, have symptoms of knee pain in the patellar tendon or its patellar 
or tibial insertion during sports longer than three months, and have a VISA-P score ≤ 
80. Exclusion criteria for both groups were presence of neurological symptoms (e.g. 
diabetic neuropathy) and other injuries to the lower extremities like ACL ruptures or 
conditions that required knee surgery (such as ACL reconstruction or meniscus tear)
that might influence  the proprioception measurements. 
The healthy participants were recruited via social media, posters at 
educational settings and sports environments, and a mailing to students. PT 
patients were recruited via the UMCG Center for Sports Medicine, physiotherapy 
practices, social media, posters and advertisements on the websites of sports 
clubs. Individuals who met the criteria were asked to participate in the study. The 
medical ethics committee of the University Medical Center Groningen gave 
approval for this study (METC 2011/075) and all participants were asked to 
complete an informed consent form prior to the study. The ethical guidelines 
according the Medical Research Involving Human Subjects Act for all aspects of the 
study were closely followed. 
Prior to the measurements, participants were asked to fill out a questionnaire 
about general characteristics, including injury-specific factors in PT patients; and 
the Victorian Institute of Sport Assessment – Patella (VISA-P) questionnaire. The 
VISA-P questionnaire is a commonly used, self-reported questionnaire that 
measures severity of symptoms in patients with PT. The score ranges between 0 
and 100, with 100 corresponding to an asymptomatic athlete. This questionnaire is 
considered to be reliable and valid.14 15
To determine proprioception, the threshold to detect passive motion (TTDPM) 
was assessed. In this study a device was used based on a prototype of Friden 
and Roberts and previously validated to measure TTDPM.16 The device has a high 
reliability with a measurement error of 0.03°.16 A platform with a revolving sled 
was mounted on a former hospital bed. The sled was driven by an electric motor 
and a splint was attached to the sled for fixation and positioning of the leg and 
foot. With the movement of the sled the knee was brought into extension or flexion. 
After receiving instructions about the procedure, the participant was 
positioned on one side on the hospital bed, with the lower leg placed in the splint 
(Figure 1). This underlying leg was measured while the other leg was placed on 
another platform. The trunk of the participant was stabilised by a vacuum 
mattress.16 Only movements of the underlying leg in the sagittal plane were 
possible. Participants were unable to see their own leg and auditory cues were 
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suppressed by using earphones and instrumental music. The leg was moved with 
an angular velocity of 0.5°/s. As soon as participants sensed motion in their knee 
they were instructed to press a button to stop the device. TTDPM was determined 
with the angle (in degrees) at which the device was halted. The onset of the 
rotation had a random delay (range 5-15 seconds) after the participants were told 
to be ready. This was programmed to avoid guessing. More detailed information 
about this device can be found in the validation study of Boerboom et al. (2008). 
Figure 1: A participant positioned in the TTDPM device, with the right leg placed in the splint 
(shown without vacuum mattress) and the patellar strap attached.
Participants were tested according to a standard protocol. The order of 
starting position (20° and 40° knee flexion) was kept the same for all participants, 
but the leg that was measured first (left or right) and the condition (with or 
without patellar strap) were randomised. The patellar strap used was a Push Med 
patellar brace (NEA Int, Maastricht Airport, The Netherlands). It was positioned by 
the researcher according to manufacturers’ instructions. For each starting position 
10 measurements towards flexion (TF) and 10 towards extension (TE) were taken 
at random, with a total of 160 measurements taken per participant (80 per leg).
All TTDPM values below 0.05 (in accordance with 0.1 second after 
the onset of the movement of the device) were considered a mistake or 
a guess, given that physiological reaction time is considered to be at least 
0.1 second.16 These values therefore were excluded from analysis. TTDPM 
values exceeding three standard deviations from the mean were also 
removed from analysis, as these values were probably caused by the participant’s 
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lack of focus. Because of positive skewed data a log transformation was performed 
before calculating the mean and the standard deviations and before analysing 
the data using mixed-model analysis.16 Prior to presenting the data, a return 
transformation was performed. A correction for gender and age was included in 
the analysis, as research shows that females and older subjects have significantly 
higher TTDPM values.16 To investigate if the effectiveness of the patellar strap was 
different in participants with low or high proprioceptive acuity, two groups were 
put together based on the median. The median was calculated for the healthy 
participants and the PT patients separately and both groups were split based on the 
median of that group. The group below the median was indicated as having high 
proprioceptive acuity, the group with TTDPM values above the median as having 
low proprioceptive acuity. It was also analysed if possible predictors of effectiveness 
of the patellar strap on proprioception could be determined using linear regression 
analysis. The difference in TTDPM values between the strapped and non-strapped 
condition was taken as the outcome; age, BMI, VISA-P, duration of symptoms (in 
PT patients), sports participation and TTDPM values were included as predictors. 
IBM SPSS v.20 was used to analyse the data and a p-value < 0.05 was considered 
statistically significant.  
RESULTS
This study included a total of 22 healthy participants and 21 patients with PT. We 
removed 152 values from the data because the TTDPM values were below 0.05 or were 
more than three standard deviations from the average TTDPM value, leaving 6728 
values to be analysed. The characteristics of the participants are presented in Table 1. 
 
Table 1: General and injury specific characteristics of 22 healthy participants and 21 patients 
with PT. Means and standard deviations are presented, unless otherwise indicated. 
Healthy participants PT patients
Gender (male/female)a 10/12 12/9
Age (years) 24.1 (3.1) 26.4 (8.9)
BMI (kg/m2) 22.3 (2.0) 23.0 (3.6)
Sports participation (hours/week) 5.2 (3.0) 4.5 (3.0)
VISA-P score (0-100) 99.6 (1.0) 60.1 (12.1)
Duration of symptoms (months) b - 30.0 (36.0)
BMI: Body mass index, a Frequencies; b Median and interquartile range because of skewness 
of the data.
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Table 2 presents the results from the mixed-model analysis for the healthy 
and PT participants. For both groups a significant difference in TTDPM between 
wearing a strap and not wearing one was found; in all cases the TTDPM values 
were lower (improved) while wearing a strap (4-7% improvement). In PT patients, 
the difference between the two conditions in the symptomatic leg was not 
significant. No statistical difference between the TTDPM values of the healthy 
participants and the PT patients without the strap was found (p=0.669).
Table 2: Results from the mixed-model analysis, corrected for gender and age. 







Healthy participants 0.58 (0.53-0.64) 0.55 (0.51-0.60) 0.028 (4.8) 0.002**
High acuity 0.49 (0.45-0.54) 0.49 (0.45-0.54) 0.001 (0.2) 0.944
Low acuity 0.69 (0.65-0.74) 0.63 (0.59-0.67) 0.064 (9.3) <0.001**
PT patients 0.61 (0.53-0.70) 0.57 (0.50-0.65) 0.037 (6.1) <0.001**
High acuity 0.48 (0.40-0.57) 0.46 (0.39-0.55) 0.021 (4.4) 0.068
Low acuity 0.77 (0.70-0.85) 0.71 (0.65-0.78) 0.061 (7.9) 0.002**
Symptomatic leg 0.61 (0.51-0.73) 0.59 (0.49-0.70) 0.026 (4.3) 0.067
High acuity 0.48 (0.40-0.57) 0.46 (0.39-0.55) 0.013 (2.7) 0.416
Low acuity 0.78 (0.60-1.02) 0.74 (0.57-0.96) 0.044 (5.6) 0.083
Asymptomatic leg 0.61 (0.52-0.71) 0.56 (0.48-0.66) 0.043 (7.0) 0.002**
High acuity 0.48 (0.39-0.60) 0.46 (0.37-0.56) 0.029 (5.9) 0.070
Low acuity 0.77 (0.60-0.98) 0.71 (0.55-0.90) 0.063 (8.2) 0.011*
* p<0.05 and ** p<0.01 significant difference between TTDPM without and with strap 
The results for participants with high and low proprioceptive acuity are also 
shown in Table 2. Among the healthy participants with low proprioceptive acuity 
a significant improvement was found in TTDPM values when wearing a strap 
compared to not wearing one (with 9,3% improvement). No difference between 
the conditions was found in the participants with high  proprioceptive acuity. In PT 
patients, participants with low proprioceptive acuity also improved significantly in 
their TTDPM values when wearing a strap, however this was primarily observed in 
the asymptomatic leg. No significant differences were found in the symptomatic 
leg.
In the healthy participants group only the TTDPM value could be determined 
as a predictor (B=0.315, SE= 0.1, p=0.005). For the PT patients, gender and the 
VISA-P score were found as predictors (gender: B=-0.068, SE=0.028, p=0.023; 
VISA-P: B=0.003, SE=0.001, p=0.019); being male and a higher VISA-P score were 
predictors of improvement in proprioception as a result of wearing the strap. 
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DISCUSSION
The aim of the current study was to investigate the effect of a patellar strap on 
knee joint proprioception in healthy participants as well as in PT patients. The 
results from this study show that in healthy participants, specifically those with low 
proprioceptive acuity, TTDPM values improved with the use of a patellar strap. In 
the PT patients, the asymptomatic leg resembled the outcomes from the healthy 
participants with an improvement in TTDPM in the whole group as well as in those 
with low proprioceptive acuity. No significant improvement was found in TTDPM 
values in the symptomatic leg when wearing a strap, either in the total group or 
when the group was split into high and low proprioceptive acuity.
The results from this study show that, despite differences in size, shape and 
material with orthoses that were investigated previously,7 9 13 a patellar strap can 
also enhance knee joint proprioception measured with TTDPM. We found a 
difference in effectiveness of the strap between participants with high and low 
proprioceptive acuity, in agreement with findings in previous studies.7 8 13 These 
results indicate that individuals with better  proprioception on forehand might 
have reached some kind of ceiling and do not benefit from extra cutaneous sensory 
stimulation, while those with lower proprioceptive acuity do improve their 
performance with the use of external aids.7 8 One should realise that being 
classified as having high or low proprioceptive acuity does not necessarily mean 
good or poor knee joint proprioception.
Since the improvements in proprioception when wearing a strap are small 
and some even resemble the measurement error of the device (0.03°) it is 
important to discuss the clinical relevance of the outcomes. The improvements in 
TTDPM in persons with low proprioceptive acuity (9% in healthy participants and 
almost 8% in PT patients) are comparable to the improvements shown in other 
studies investigating the effect of orthoses on knee joint proprioception,8 11 even 
though larger improvements (25%) were also found.9 13 While even small changes 
in proprioception may be valuable for a patellar strap user13 it is possible that the 
differences in the current study are not clinically relevant. Since to our knowledge 
no minimal important clinical difference is known for the TTDPM, it is not possible 
to draw firm conclusions regarding the clinical importance of the differences found 
in this study. 
Considering that the pathogenesis of tendinopathy is suggested to be a 
centrally mediated process (with bilateral deficits in unilateral tendinopathy),17 the 
finding that in the PT patients the greatest effect of the strap was found in the 
asymptomatic leg is notable. One explanation could be that in the symptomatic 
knee pain mechanisms interfere with and influence the effect of the strap. 
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Pain could have caused a decrease in proprioception, as it has shown to influence 
proprioception negatively.18-20 On the other hand, sensitisation might also be 
present in the symptomatic knee.21 As a result, PT patients may be more responsive 
to sensory stimulation and thus also have enhanced proprioception in the 
symptomatic knee. As a patellar strap may influence both – albeit to a different 
extent – this can lead to less obvious results in the symptomatic knee. 
Since proprioception can play a role in optimising movements, improvements 
in proprioception as a result of wearing a strap would be promising for (re-)injury 
prevention purposes.2 3 However, one should consider that the working mechanism 
of the patellar strap is not completely elucidated and the long term effect of the 
use of a patellar strap is unknown. It could be that when a strap causes a change in 
nociceptive input,23 less pain is experienced by the subject and therefore the 
athlete can indeed continue sports participation. This continued sports 
participation might on the long term result in poor clinical outcome and more 
damage to the tendon since load management is very important for athletes at risk 
of tendinopathy to prevent a shift along the tendon continuum towards the 
degenerative stage.24 On the other hand, a patellar strap can cause a decrease in 
tendon strain by increasing the patella-patellar tendon angle as was suggested by 
Lavagnino and colleagues.25 When this is the case, less damage to the tendon is 
caused by wearing the patellar strap. More research is necessary to investigate the 
effect of using an orthosis on tendon structure.
There are some limitations that should be considered in this study. First, 
even though the researcher placed the strap on each participant according to 
manufacturers’ instructions, the pressure exerted on the tendon may have differed 
between individuals. The force applied by the orthosis influences effectiveness, 
as shown in a study investigating tennis elbow straps26; this could have caused a 
difference in outcome. Second, in this study only one type of patellar strap was used 
(Push Med patellar brace). As the design of patellar straps varies between brands, 
the results obtained in this study may not be generalisable to other types of straps. 
However, considering that a patellar strap has a similar effect on proprioception 
- as found in other orthoses with different materials (like tapes and braces)7 13 - we 
expect the use of a different type of strap to result in effects on proprioception 
comparable to ours. Finally, one should realise that the method used in this study 
to determine proprioception is very different from actual activities during sports.27 
The movement that is executed by the device is passive and unloaded, and the 
angular velocity is very low. Still, determining the TTDPM is considered the 
most precise and repeatable measure available at the moment to determine 
proprioception of the knee.16 27
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CONCLUSION
Proprioception plays an important role in optimising movements and reducing load 
to tendons and ligaments. Even though no firm conclusions about the clinical 
relevance can be drawn, the current study shows that a patellar strap can improve 
the proprioception determined with TTDPM in healthy persons and PT patients, 
especially in those who had low proprioceptive acuity without strap. In PT patients 
no effect of the use of the strap was found in the symptomatic leg. This may be 
caused by pain mechanisms, as increased symptoms seem to have a negative 
effect on the effect of the patellar strap on proprioception. Nevertheless, methods 
- like a patellar strap - that potentially improve proprioception can be important for 
injury prevention purposes, given that a decreased proprioception is suggested to 
be a risk factor for (re-)injuries. 
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